Objectives-To evaluate how well the tonsils can be viewed, in addition to echogenicity, using ultrasound, and to compare these results between children younger and older than the age of 3.
T he tonsils lie in the lateral wall of the oral pharynx, where they function primarily to protect the body from inhaled or ingested pathogens. The tonsils are an especially important organ in children for two reasons. First, children have an elevated risk of developing tonsillitis, which is an infection and inflammation of the tonsils. [1] [2] [3] [4] Tonsillitis can affect patients of all ages; however, it is most common in children ages 6 to 12 years, whereas patients younger than 3 years are rarely affected and usually only by an infection of viral etiology. 3, 4 Although tonsillitis usually begins superficially as an acute bacterial or viral infection of the palatine tonsils, it can progress to peritonsillar cellulitis and eventually form an abscess, which can be life-threatening. 5 Second, enlargement of the palatine and adenoid tonsils is one of the most common causes of obstructive sleep apnea in children, and affects 12 to 15% of children worldwide, with the most elevated prevalence being in preschool-aged patients (ages 3-5 years). 1, 2 Obstructive sleep apnea in children has been associated with excessive daytime sleepiness, hyperactivity, attention deficit disorder, poor hearing, physical debilitation, and a general failure to thrive. 1, 2 Thus, it is especially important to monitor the tonsils of children older than 3 years.
The use of imaging techniques such as computed tomography (CT) and magnetic resonance imaging (MRI) have been reported to be useful for the evaluation of peritonsillar abscesses and the overall volume of the tonsils [6] [7] [8] [9] [10] ; however, these techniques have a number of limitations, such as a requirement of sedation, exposure to radiation, and/or a high cost. Recently, the use of ultrasound for evaluating the tonsils has been reported, 5, 11 which represents a less expensive, more portable, and more rapidly available technique with better tissue resolution. Furthermore, because ultrasound does not require sedation, and eliminates the need for ionizing radiation, it could be particularly advantageous for examining children.
To our knowledge, all previous reports in which ultrasound was used to examine the tonsils have been limited to case reports, pictorial essays, or technical notes. 5, 11 The purpose of this study is to evaluate how well the tonsils can be viewed, in addition to echogenicity, using an ultrasound, and to compare these results between children younger and older than 3 years.
Materials and Methods

Patients
This study was approved by the ethics committee at our institution, and informed consent was waived. This is a retrospective study; we reviewed the medical records at our hospital from December 2015 through April 2016, and identified 112 children who had undergone cervical ultrasonography. Patients with any of the following criteria were excluded: history of malignant diseases (ie, leukemia, neuroblastoma, or lymphoma) (n 5 5), clinical suspicion of cervical inflammation (ie, Kawasaki disease, Kikuchi disease, or juvenile idiopathic arthritis) (n 5 7), or the use of immuno-suppressive drugs (n 51). Accordingly, a total of 99 children were included in the study, consisting of 51 males and 48 females. The mean age at the time of examination was 72.0 6 59.1 months (range: 0 years [0 months]-18 years and 7 months [216 months]).
Imaging
All sonograms were obtained using a real-time LOGIQ 7 E9 scanner (GE Healthcare, Waukesha, WI) with a high-resolution 9-to 15-MHz linear transducer, using transcervical ultrasound, as described previously. 5, 11 Patients were examined in the supine position with no specific preparation, such as sedation, and positioned appropriately for the coronal and sagittal oblique planes when acquiring transverse and longitudinal images of the tonsils, respectively (Figure 1 ). Gray-scale images were obtained by one of two board-certified diagnostic radiologists (with 10 and 15 years of experience).
To evaluate the detectability of the tonsils, the tonsil borders were classified according to four distinction grades as follows: 0, not detectable ( Figures 2A and  3A) ; 1, less than 50% of the border is detectable ( Figures 2B and 3B) ; 2, more than 50% of the border is detectable ( Figures 2C and 3C) ; and 3, entire border of the tonsils is detectable ( Figures 2D and 3D ). Tonsils on both the right and left side, in both transverse and longitudinal images, were classified according to this system. Grades of 2 or 3 (more than 50% of the tonsil border is detectable) in both tonsils, in either the transverse or longitudinal image, were considered as "evaluable." We compared the grade of tonsils between the right and left side, and between the transverse and longitudinal images. Then, we compared the grade of tonsils for both the right and left side, and in the transverse and longitudinal images, between patients older and younger than 3 years, because tonsillitis and obstructive sleep apnea rarely affect children younger than 3 years.
Echogenicity in the tonsils was evaluated using classifications based on their appearance, as follows: "imperceptible," tonsil was not perceptible; "low-echoic appearance," tonsil was low-echoic ( Figure 4) ; and "striated appearance," the striations of the tonsil parenchyma were visible, with alternating linear hyperechoic and hypoechoic bands ( Figures 2C, 2D, 3C, and 3D) . 5 These classifications were assigned based on both the transverse and longitudinal images. Echogenicity was evaluated on both sides of the body.
All ultrasound images were retrospectively reviewed by two radiologists, with 10 and 15 years of clinical experience, on a 1600 3 1200 archiving and communication systems monitor (PACS, GE Healthcare).
Statistical Analysis
Variables are expressed as the mean 6 standard deviation. The Wilcoxon signed rank sum test was used to compare the grade of tonsils between the right and left, and was used to compare the grade of tonsils between the transverse and longitudinal images. The MannWhitney U test was used to compare the grade of tonsils for both the right and left side, and in the transverse and longitudinal images, between patients older and younger than 3 years. Significance was determined as a P value of less than .05 for all tests (two-sided). All data were analyzed using a commercially available software program (JMP, version 12, SAS, Cary, NC).
Results
The classifications of the tonsil borders are summarized in Tables 1 and 2 . The mean grades from the right and left transverse images were 2.44 6 0.65 and 2.40 6 0.59, respectively, and the right and left longitudinal images were 2.03 6 0.68 and 2.12 6 0.73, respectively. In 96/ 99 cases (96.0%), the bilateral tonsils were evaluable by ultrasound. In 3% of cases (3/99 cases: the age, right transverse grade/longitudinal grade and left transverse grade/longitudinal of each case were 0 year, 0/0 and 1/ 0; 0 year, 2/2 and 0/0; and 10 years, 1/1 and 2/1), the tonsils could not be evaluated by ultrasound. The grades were similar between the right and left sides (transverse, P 5 .4306; longitudinal, P 5 .2287). The grades from transverse images were significantly higher than those from longitudinal images (right, P < .0001; left, P 5 .0006). The grade measured in children older than 3 years was significantly larger than that of children younger than 3 years (all P < .05; Table 2 ).
The classification of echogenicity is summarized in Table 3 . Regarding echogenicity, on the right side, 97.0% (97/99) were observed as having a striated appearance. On the left side, 90.0% (89/99) exhibited a striated appearance.
Discussion
We found that the tonsils were evaluable in almost all of the pediatric patients using an ultrasound. The tonsil border grades were similar between the right and left side, and those from the transverse images were significantly higher than those from the longitudinal images. Importantly, the grades were significantly better in children older than 3 years, as compared with patients younger than 3 years. Our results indicate that ultrasound can be used for the detection and evaluation of tonsils in children, especially for those who are particularly prone to tonsillitis and/or obstructive sleep apnea (ie, older than 3 years). 0  1  2  3  0  1  2  3  0  1  2  3  0  1  2  3   0-1  24  2  1  16  5  4  3  16  1  1  1  17  5  5  2  13  4  1-2  4  0  0  3  1  0  1  1  2  0  1  2  1  0  0  3  1  2 -3  8  0  0  3  5  0  1  5  2  0  0  5  3  0  1  5 Note: The total number of cases that received each tonsil border grade (0, 1, 2, or 3) is listed for each patient age range. Tonsil borders were classified as follows: 0, not detectable; 1, less than 50% of the border is detectable; 2, more than 50% of the border is detectable; and 3, entire border of the tonsils is detectable. Tonsils on both the right and left side were classified according to this system, on both the transverse and longitudinal images. Note: The average tonsil border grades are given for different patient ages. Tonsil borders were classified according to a grading system as follows: 0, not detectable; 1, less than 50% of the border is detectable; 2, more than 50% of the border is detectable; and 3, entire border of the tonsils is perceptible. Tonsils on both the right and left side were classified according to this system, on both the transverse and longitudinal images. Grades are displayed as the average 6 standard deviation. Note: Echogenicity within the tonsils was evaluated using classifications based on their appearance, as follows: "none," tonsil was not perceptible; "low-echoic appearance," tonsil was low-echoic; and "striated appearance," the striations of the tonsil parenchyma, were visible, with alternating linear hyperechoic and hypoechoic bands.
In 3% of cases, the tonsils could not be evaluated by ultrasound. This could have occurred for a number of reasons, such as (1) suckling or crying during the examination, as this causes a rapid motion of the pharynx that effectively hides the tonsils; (2) the tonsil size itself, as it has been reported that the tonsils increase in weight during normal growth, 12 and therefore smaller children will have smaller tonsils that may be more difficult to detect; or (3) a surrounding organ or lesion, as lesions of the mandible or others (eg, lymphatic malformation) can mask the tonsils. When obtaining longitudinal images, but not transverse images, both the mandible itself and the acoustic shadow of the bone can mask the tonsil, and this could be the reason why grades from longitudinal images were less than those of transverse images.
We also revealed that echogenicity within the tonsil was observed as a striated appearance in 93.5% of the cases. The tonsils function primarily as a defensive component of the immune system, and are an important organ for antigen presentation, as they contain Tlymphocytes, macrophages, and germinal centers of Blymphocytes. The tonsils have deep crypts that are used to enlarge the organ surface as much as possible and create a docking surface for potential antigens. 13 These crypts are responsible for the striated appearance of the tonsils on ultrasound images. This striated appearance was found to have disappeared in children with peritonsillar cellulitis and intratonsillar abscess. 5 Additionally, Swidsinski et al reported that children 8 years of age and younger have an increased susceptibility for developing a diffuse, intracellular pathogen enrichment within the interstitial abscesses, whereas adults or adolescents tend to amass a more superficial bacterial accumulation at the edge of the crypts.
14 Disappearance of the striations may be caused by abscesses that are either interstitial or within the edges of the crypts. In contrast, in this study, patients with a history of malignant diseases, clinical suspicion of cervical inflammation, or the use of immunosuppressive drugs were excluded. Therefore, low-echoic appearance in this study may be affected by the tonsil size or the presence of air around the tonsil. Specifically, in small patients such as neonates, tonsil size may be too small to evaluate the echogenicity in the tonsil. In addition, sucking and crying can generate air around the tonsils, which may make it difficult to distinguish striated appearance.
Previous reports have indicated that CT and MRI can also be used to evaluate the tonsils. [6] [7] [8] [9] In particular, CT has been reported to be useful for evaluating the peritonsillar abscess 10 and the extent of inflammation, and has the advantage of allowing for the mediastinum and retropharyngeal space to be viewed at the same time. 10 However, children may require sedation, and they are exposed to radiation. Similarly, MRI has been described as an accurate way to depict and measure the size of the adenoid [6] [7] [8] [9] and palatine tonsils, 6, 9 and their relationship with the airway. Enlargement of the palatine and adenoid tonsils has traditionally been thought of as one of the common causes of obstructive sleep apnea in children. Clinical reports show that a large portion of patients with sleep-disordered breathing experienced complete resolution after an adenotonsillectomy. 15 Although ultrasound could not be used to evaluate the mediastinum or airway directly, given its many advantages, ultrasound could be a useful method for determining tonsil size in the evaluation of obstructive sleep apnea. Specifically, it is more portable, more rapidly available, and does not require sedation or exposure to ionizing radiation during examination.
Our study has some limitations. First, we included only 99 patients. Additional studies in larger populations and ages will be required to confirm our preliminary findings. Second, although all images were obtained by experienced radiologists using the same methods, the ultrasonography skills among the radiologists may not have been uniform, and this may have affected the tonsil border grades. Third, this study excluded the patients with a history of malignant diseases, clinical suspicion of cervical inflammation, or the use of immuno-suppressive drugs. Previous pictorial essay 5 reported that echogenicity in tonsils with tonsillitis or tonsillar abscess was different from that in normal tonsils. A further study is in progress to evaluate the difference in findings of tonsils by pediatric ultrasound between patients with normal tonsils and patients with various diseases involving tonsils.
In conclusion, the tonsils of almost all of the pediatric patients could be viewed by ultrasound, and the images were particularly high quality for patients older than 3 years, who have an elevated risk of tonsil-related disorders. In particular, the striated pattern of the tonsils was seen in 93.5% of cases; therefore, ultrasound represents a potential application in the identification of tonsillitis.
